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Description of Progress

We have utilized in situ electron paramagnetic resonance (EPR) spectroscopy/electro-
chemical measurements to probe the redox switching of alkoxy substituted poly(di-2-
thienylphenylenes). The diheptoxy derivative shows two distinct electrochemical processes
suggesting three redox states. Correlation of EPR signal intensity with electrode potential shows
the fully reduced and fully oxidized states to be diamagnetic while the intermediate oxidation state
is paramagnetic. This is consistent with the initial formation of polarons upon oxidation which are
subsequently converted to bipolarons. The longer side chains are observed to stabilize the
polaronic form of the polymers since no paramagnetism is observed for the dimethoxy substituted
polymer during switching.

The generally accepted electrochemically activated step-growth mechanism for oxidative
polymerization of pyrrole has been found to not be universal. In aqueous perchlorate and
tetrafluoroborate electrolytes, electrochemical deposition rates monitored microgravimetrically at an
oscillating quartz crystal are found to have extremely high coulometric yields. In certain phases of
electropolymerization, ca. 0.1 electrons are required per monomer unit. This is highly suggestive
of an electrochemically initiated chain-growth polymerization. The more typical cation-radical
coupling mechanism is found to occur in many other electrolytes including CI™, NO3 ™, dodecy!l
sulfate, copper phthalocyanine tetrasulfonate and poly(styrene sulfonate).

Studies on the Pt/polypyrrole nanocomposites (comprising a three-dimensional array of
catalytically active colloidal Pt particles within the polypyrrole matrix) are continuing. Unusual
catalytic activity has been noted for these materials towards Hp and dioxygen. For example,
comparable catalytic activity with bulk Pt is achieved by immobilizing only ~3.6% of the
corresponding amount of Pt0 within the polymer matrix. Quartz crystal microbalance studies of the
ion transport at polypyrrole/aqueous electrolyte interfaces are in progress. The goal of these
studies is to acquire a complete partitioning of all the ion fluxes (cation, anion and proton) in

response to redox switching of the conductive polymer.




Final parameterizations have been completed for a new, modified Extended Hiickel band
structure calculation method. The new approach consistently reproduces band gaps of
polyheterocycles to within ~0.4 eV. The first application of the new method was to phenylene-
pyrrole and phenylene-furan copolymers with methyl and methoxy substituents on the phenylene
ring. The calculated electronic properties of the copolymers were found to be similar to those of
the homopolymers and were in excellent agreement with experiment.

Work on "transparent” (color neutral), processable conducting polymers is continuing.
Poly(2,3-dihexylthieno[3,4-b]pyrazine) has been prepared by FeCl3 polymerization of the
corresponding monomer. This polymer forms a dark blue solution which can be doped to a light

yellow solution. The solution phase band gap of the polymerisca. 1.1 eV.
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Personnel Changes

Dr. Larry O. Harding, former postdoctoral associate, is now employed at Conoco, Inc., Ponca
City, Oklahoma.

Dr. Ronald L. Elsenbaumer, from Allied-Signal Corp., will join the University of Texas at
Arlington as Chairman of the Materials Science and Engineering Program on November 1, 1991.
Additional Noteworthy Meeting

John Reynolds met with representatives of General Dynamics, Inc. and E-Systems Inc. to discuss

application of conducting polymers in aerospace radar antennae. A plan was put together to
develop a joint research program utilizing switchable systems in antennae.




